Recent comparative genomics and mutational studies of the genes regulating mating and meiosis in fungi provide new insights into not only the variability of the key genes, but also the plasticity of the regulatory circuitry in the evolution of mating systems.
The hemiascomycetes, a group of fungi that includes Saccharomyces cerevisiae and the pathogenic Candida species, provide an exceptional platform for investigating the evolution and plasticity of mating systems. While mating and meiosis have been intensively investigated in some species (e.g., S. cerevisiae), for several others in this group it is not clear whether they undergo meiosis (e.g., Candida albicans), or mate (e.g., Candida tropicalis). Moreover, recent comparisons of genes regulating mating and meiosis in Candida species with those of S. cerevisiae has revealed an unexpected number of differences [1] , suggesting extensive changes in regulatory circuitry. But to validate changes, functional studies, including the characterization of mutants, must be combined with comparative genomic studies. Such functional comparisons had previously been performed to compare the mating circuitry of Candida albicans with that of S. cerevisiae. In S. cerevisiae, mating type is dictated by genes in two idiomorphs of the mating-type locus, MATa and MATa ( Figure 1A ) [2] . Diploid a/a cells are mating-incompetent, and haploid a or a cells mating-competent. The MATa locus contains one gene involved in the regulation of mating, MATa1, and the MATa locus contains two genes, MATa1 and MATa2. In diploid a/a cells, the MATa1 and MATa2 gene products, a1 and a2, form a complex that represses a genes and mating, and a2 represses a genes ( Figure 1A ). In mating-competent haploid a cells, expression of a genes occurs by default, and in haploid a cells, a1 activates a genes and a2 represses a genes. In C. albicans, the regulation of mating deviates from that of S. cerevisiae. It involves a fourth gene, MATa2 ( Figure 1B) , which is absent in S. cerevisiae [3] . Like S. cerevisiae, the a1-a2 complex of a/a cells of C. albicans represses a and a genes, and mating ( Figure 1B) . Unlike S. cerevisiae, it also suppresses a genes. In addition, in a/a cells, the equivalent of S. cerevisiae a cells, a2 activates a genes and mating, and in a/a cells, the equivalent of S. cerevisiae a cells, a1 activates a genes and mating, but a2 does not repress a genes ( Figure 1B ). These studies have, therefore, revealed fundamental differences in the circuitry regulating mating between C. albicans and S. cerevisiae.
Unfortunately, this functional comparison remained the only one for the Candida lineage until a recent study by Heitman and colleagues [4] , published in Current Biology, added Candida lusitaniae to the list. Like C. albicans, C. lusitaniae possesses MATa2, but unlike C. albicans, it lacks MATa2 ( Figure 1C ) [1] , suggesting either a different regulatory scenario, or the substitution of another gene to generate the equivalent of the a1-a2 repressor complex. Mutational analyses revealed that a2 is required for mating in a cells of C. lusitaniae, as it is in C. albicans, and a1 is required for mating in a cells, as it is in S. cerevisiae and C. albicans. These results suggest that differences in circuitry have also evolved within the Candida group.
Heitman and coworkers [4] also observed that although lacking approximately 43 meiotic genes present in S. cerevisiae A comparison of the roles of the mating-type genes among the three hemiascomycetes Saccharomyces cerevisiae, Candida albicans and Candida lusitaniae reveals plasticity. In S. cerevisiae (A) and C. albicans (B), the a1-a2 repressor complex in the a/a diploid represses mating. In C. lusitaniae (C), although a1 is involved in the repression of mating, a2 is absent, suggesting that a1 may interact with another protein, possibly a1, to form a repressor complex as suggested by Reedy et al. [4] . In mating-competent a/a cells of C. albicans and a cells of C. lusitaniae, a genes and mating is activated by a2, but in S. cerevisiae a cells, which lack a2, a genes, and thus mating, are expressed by default. In a (or a/a) cells of all three species, a1 activates a genes and mating.
the key regulators RME1 and IME1, meiosis in C. lusitaniae still appeared to be regulated by the downstream activator IME2 [5] , and recombination was dependent on SPO11. By demonstrating that even in the absence of 43 genes involved in meiosis in S. cerevisiae, C. lusitaniae undergoes meiosis, this work emphasizes the shortcomings of bioinformatics alone to assess so complex a process as meiosis. Reduction to a haploid state, however, was swift and error ridden, suggesting a transient a/a stage. These observations revealed a high degree of variability in key regulatory genes and possible changes in meiotic circuitry. It should be noted, however, that because Yarrowia lipolytica, which diverged from a common ancestor earlier than S. cerevisiae [6] , does not possess many of the meiotic genes of S. cerevisiae [1] , it is likely that many of these genes were acquired in the Saccharomyces lineage through functional gains or replacements, and should not be construed as genes lost in the Candida group. The observations from these comparative genomic and functional studies can now be interpreted within the context of a phylogenetic tree of eight species from the Candida group and S. cerevisiae (Figure 2) . Saccharomyces, which branched from the Candida group quite early, lost a2, resulting in a change in circuitry. The Candida group then branched into two lineages, one of which lost a2, and possibly an a1-a2 repressor or the equivalent. In this lineage, a1 was subsequently lost in C. guilliermondii, suggesting a further possible change in circuitry [4] . [7, 8] .
Given that the loss of a2 in S. cerevisiae resulted in fundamental changes in regulatory circuitry, it seems quite reasonable to suggest that at least a few of the losses in MAT genes in the evolution of the species within the Candida group reflect additional changes in circuitry. The analyses of the changes in meiotic genes in the Candida group (Figure 2 ) lead to a similar conclusion for the regulatory circuitry of meiosis.
Unfortunately, although genome sequencing projects of the Candida group of the hemiascomycetes listed in the NCBI web site (http://www.ncbi. nlm.nih.gov/genomes/leuks.cgi) continue to reveal fundamental differences in the repertoire of genes involved in the regulation of mating and meiosis, only two species, C. albicans and now C. lusitaniae, have been subjected to mutational analyses. Hence, it is only in these species that changes in circuitry have been validated. Moreover, even in these organisms, the loss of a gene, as for example a2 in C. lusitaniae, cannot always be unambiguously interpreted in terms of mechanism, given that another gene may have functionally replaced the lost gene without a change in regulatory strategy. Functional analyses are laborious since each gene in a circuit must be mutated and the mutants analyzed phenotypically. Moreover, the search for potential replacement genes, such as a putative replacement partner for a1 for the genesis of a possible a1-a2-like repressor complex, can be quite complex. But until we expand the list of functionally characterized Figure 2 . The evolution of mating and meiosis in hemiascomycetes fungi. The evolution of the mating process within the hemiascomycetes reveals a number of changes in MAT genes and meiotic genes. Landmark changes are incorporated into a phylogenetic tree, based on sequence data of six genes [6] . It is assumed that the genotype of the common ancestor was a1, a2, a1, a2 and, hence, the absence of one of these genes is considered a 'loss'. On the other hand, meiotic genes were assessed by comparison with S. cerevisiae. 'Absence' rather than 'loss' was noted since many of the meiotic genes of S. cerevisiae are not present in Yarrowia lipolytica, which diverged from the common ancestor earlier than S. cerevisiae. The landmarks were derived from [1, 4, [9] [10] [11] [12] .
Candida species, as Heitman and coworkers have begun with C. lusitaniae [4] , it may be premature to speculate on the full extent of the plasticity of the regulatory circuitry for mating and meiosis in the Candida group of the hemiascomycetes, although the dramatic variability in gene repertoires suggests that it might be quite considerable. Tickling is a mystery. As far as we know, only the great apes (including humans), and perhaps some monkeys, tickle each other [1] [2] [3] . Yet even more distantly related mammals, such as rats, seem to laugh when you tickle them [4] . We do not know why we are more sensitive to tickling in some places on our bodies than in others [5] .
No 'tickle receptor' has ever been identified in any species [5] .
Physiologists distinguish two kinds of tickle: knismesis, the sensation produced by a light caress, as with a feather or the sensation of a spider walking on one's skin; and gargalesis, the exquisitely intense, often pleasurable sensation in response to hard, rhythmic probing. It is gargalesis that makes our children laugh out loud as they demand, first, that we stop, and then that we continue.
Chimpanzees enthusiastically solicit tickling and display obvious relish in tickling humans well into adolescence (my unpublished observations). As they report in this issue of Current Biology, Davila Ross et al. [6] used tickling to elicit laughter from three human children and 22 apes, including a siamang (Hylobatidae) and representatives of all living great ape species (Hominidae: orangutans, gorillas, bonobos, chimpanzees, and humans). A number of the acoustic features of these tickle-induced sounds were subjected to phylogenetic analysis, and they found that, as has been previously noted [2, 7] , human laughter was acoustically distinct from the tickle-induced calls of the other apes. Nevertheless, there were enough systematic regularities in the variations of these acoustic features, across species, to reproduce the hominid family tree, which has been well-established based on biomolecular (DNA sequence, for example) and morphometric traits.
The central significance of this finding is that, despite considerable differences in the manners and contexts in which humans and other apes laugh, human laughter is evolutionarily grounded: laughter has evolved in each extant ape lineage from a related acoustic response exhibited by the last common ancestor of humans and apes.
Although the use of anatomical characteristics to construct evolutionary relationships has a relatively long history (for example [8] ), the technique of using behavioral features to reconstruct evolutionary relationships was developed mostly in the 1950s, largely instigated by the Nobel laureate Nikolaas Tinbergen [9] . Following advances in recording technology in the 1960s, it soon became possible objectively to measure subtle aspects of the acoustic signals displayed by animals, even in field conditions, so that, at least technically, it became possible to perform evolutionary analyses based on purely auditory signals. Davila Ross et al. [6] have developed the applications of these techniques to primate calls [10, 11] : in what will surely become a classic paper in comparative ethology, they have used these techniques to reconstruct the probable characteristics of the laughter of the last common ancestor of the great apes, a long-extinct animal that lived 15 to 20 million years ago [6] .
